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Abstract 
In this paper, we present a semi-analytic approach to obtain the electric and temperature field distribution by parallel 
electrodes. The solution is explained in the form of Fourier series and weighted kernel function. Compared with 
commercial software COMSOL, semi-analysis method improves the simulation accuracy and reduces calculating 
complexity obviously. 
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1.Introduction 
To apply dielectrophoretic micro fluidic chip well, which is convenient for micro-particles 
manipulation, a good knowledge of theoretic research is needed. In the design of dielectrophoretic micro 
fluidic chip, the simulation of electric field directly affects the analysis of dielectrophoretic force and 
electro-osmotic flow, while the accurate simulation of temperature field is significant for buoyancy and 
electrothermal flow[1]. Although there are kinds of analytic[2-3] and numerical[4] methods for analysis of 
dielectrophoretic micro fluidic chip, they all have their limitation. Considering the mixed boundary 
conditions which numerical methods specialize in and calculating resources saving which is the advantage 
of analytic methods, we combine the two methods innovatively and give a semi-analytic solution. 
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2.Theory and method 
2.1.Theoretic model and mixed boundary conditions 
The model is the coplanar parallel electrodes model which are the most common and simple pattern 
widely used showed in fig.1.(a), applying an external potential applying external potential to electrodes in 
the general form ext 0V (x, t) = V f(x)exp(iwt) , where Z  is the driving frequency and f(x) a dimensionless 
function representing the amplitude variations along the surface. The potential on the electrodes is 
expressed as 0V(x) = V f(x) , which is expressed in the form of Fourier series:  
 
N
n
n=1
V(x) = v cos((2n-1)qx)¦
                                                                                                                   (1)   
   
(a)                                     (b) 
Fig.1. (a) Schematic physical mode: microchannel with an array of parallel rectangular electrodes at the bottom of surface. 
Geometric variables include channel height (h), ratio of gap width to electrode width (d), dimensional transformation from length to 
angle (q), (b) schematic of multi-scale differential grid . 
Considering the periodic of the electrode plane, the research domain is limited within [
1qS  ,
1qS  ]. For a 
homogenous fluid medium the electric potential fulfills the Laplace equation, which is derived by the 
quasi-electrostatic form of Maxwell’s equations. 
The appropriate boundary condition for the double layer lying between the metallic surface and the bulk 
electrolyte is the charge conservation equation. Using the complex amplitudes, the boundary condition for 
I  at the electrodes is a mixed boundary condition: 
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2.2.Gate function and finite difference algorithm 
By solving the Laplacian potential equation using the separation of variables method and the periodic 
boundary condition , a solution is found in the form of a Fourier series with certain coefficients: 
1( ) [ exp( ( ) ) exp(( ) )]cos(( ) )n nnx,z A 2n - 1 qz B 2n - 1 qz 2n - 1 qxI
f
   ¦ . 
A gate function G(x) is introduced as: 
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The modified potential expression becomes: 
* *
*
1 [ exp( (2 1) ) exp((2 1) )]cos((2 1) )(2 1) (2 1)
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Considering that the advantage of numerical method is dealing with complex boundary conditions, the 
finite difference algorithm with multi-scaled finite grid seen in fig.1(b) is applied. 
2.3.Semi-analytic expression for electric field and temperature field 
Combining bottom potential values and other boundary conditions, the bulk of the liquid potential 
distribution can be obtained. The boundary potential at the bottom is expressed in the form of Fourier 
series: 
 1
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According to Fourier series transform formula, dispersing the integral function,  
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To estimate temperature distribution for a given electrode array, the following energy balance equation 
by Ramos.A[1] is used to explain: 
2 2
m p c ( T / t ( )T) k Tv EU Vw w    ͪ ͪ  
we neglect heat convection component and time-disturb component, so the temperature-control 
equation above can be simplified Poisson’s equation as:  
2 2  k T EV    !  
3.Discussion and conclusion 
With reference to commercial software COMSOLˈsimulating results made by semi-analytic method, 
space harmonic method and classic method with narrow gap electrode pair mode[1] are showed as 
fig.2(a)-(d). Seen from the simulating results, semi-analytic method is the most accurate method.  
 
 (a) Simulated by COMSOL                             (b) Simulated by semi-analytic method 
 
    (c) Simulated by space harmonic method          (d) Simulated by the classic method with narrow-gap electrode pair model 
)LJ&RPSDULVRQRISRWHQWLDOGLVWULEXWLRQ'(3FKLSKHLJKWȝPHOHFWURGHZLGWKȝPUDWLRRIJDSWRHOHFWURGH7KH
black rectangular area in every subgraph means among which it can be approximated to classic narrow-gap electrode pair model. 
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Specifically, when in a tiny layer close to the gap center, the simulations are similar among COMSOL, 
semi-analytic method and classical method with tiny gaps between electrodes, which proves that the 
classical method is a specific situation of the semi-analytic method. 
Temperature field analysis is mainly based on the electric field and simplified energy equation. 
Comparison below is under the situation that period of space harmonic 
is
1 510q m  ,
65.8 *10D m
/  ,ratio of gap and electrode d=1, amplitude of external signal 5V and 
frequency 10kHz in a typical micro-system. Seen from fig.3-4, simulation of temperature field made by 
semi-analytic method conforms well to the simulation made by COMSOL under different situations.  
 
   
(a) Simulated by COMSOL                        (b) Simulated by semi-analytic method 
Fig.3 Comparison of temperature field simulation with different methods on the condition of thick biochip height and good radiating. 
   
(a) Simulated by COMSOL                        (b) Simulated by semi-analytic method 
Fig.4 Comparison of temperature field simulation with different methods on the condition of thin biochip height and good radiating 
along with thin gap structure. 
In conclusion that the semi-analytic method we present improves the accuracy of simulation along 
with calculating speed. This method, as a theoretic base, is meaningful for dielectophoretic biochip’s 
design and particles manipulation. 
Acknowledgements 
This work has been supported by NSFC (60971071) and 973 program (2011CB302104).   
References 
[1]  Castellanos A, Ramos A, Gonzalez A, Green NG, Morgan H. Electrohydrodynamics and dielectrophoresis in microsystems: 
scaling laws. Journal of Physics D-Applied Physics. 2003;36(20):2584-97.. 
[2]  Leung SL, Li ML, Li WJ. Formation of gold nano-particle chains by DEP - a parametric experimental analysis. 2008 3rd 
Ieee International Conference on Nano/Micro Engineered and Molecular Systems, Vols 1-3. 2008:1033-8. 
[3]  Albrecht DR, Sah RL, Bhatia SN. Geometric and material determinants of patterning efficiency by dielectrophoresis. 
Biophysical Journal. 2004;87(4):2131-47 
[4]  Song CX, Liu GR, Li H, Han X. Simulation of an extruded quadrupolar dielectrophoretic trap using meshfree approach. 
Engineering Analysis with Boundary Elements. 2006;30(11):994-1005. 
 
